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Abstract 
A method is proposed for unambiguously indexing X-ray 
multiple diffraction patterns obtained with irregularly 
shaped crystals on a four-circle diffractometer. The method 
is derived from the orientation matrix together with the 
operation of crystal rotation. It is shown that this method 
facilitates the procedures in the experimental method for 
phase determination. 
The recent discussion for experimental phase determination 
by Post (1977), Chapman, Yoder & Colella (1981) and 
Chang (1982), using multiple diffraction of X-rays, requires 
unambiguous peak indexing to facilitate the experimental 
procedure. As an alternative to the indexing procedure of 
Cole, Chambers & Dunn (1962), in this paper we report a 
method, derived from the orientation matrix, for unique 
identification of multiple diffraction peaks obtained from a 
four-circle single-crystal diffractometer, where 
To obtain multiple diffraction, first the reciprocal-lattice 
point of the primary reflection H1 must be brought into the 
position of Braggs reflection (we define this position as 
= 0°). The combined movement of the three circles of the 
diffractometer ~0, X and 09 will give a product of three 
rotation matrices about the tp, X and o9 axes (de Meester, 
1980): 
M, = Mr,oMrzMr~ = (1) 
cos 09 cos tp cos co sin tp -s in X sin 09 . \  
+ sin ~o cos ~ sin 09 -cos ~0 cos Z sin 09 
cos tp sin co cos q~ cos X cos 09 sin X cos 09 | "  
-s in ~p cos X cos 09 + sin tp sin 09 / 
sin tp sin X -cos tp sin X cos X ~' X 
M r is the matrix for the combined movement of the three 
circles. The product of Mr and the original orientation 
matrix Mot, when ~0, X and o9 all are equal to 0 °, yields a new 
orientation matrix Mot: 
M'o, = MrMor. (2) 
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From the orientation matrix M~,, the position of every 
secondary-reflection reciprocal-lattice point H2 can be found 
instantly. Fig. 1 shows the geometrical relationship between 
HI and H 2 in reciprocal space. When H2 is brought onto the 
position of H' 2, which is on the surface of the Ewald sphere, 
the corresponding coordinates X2, }'2 and Z2 can be 
determined by the following three equations: 
X 2 + Y~ +Z 2 =H 2 (3) 
(X2 + 1/2) 2 + Y22 + Z22 = 1/2 2 (4) 
Y2-Yo 
- tan o9. (5) 
X2 - Xo 
There are double solutions for (3), (4) and (5): 
2 
X2= -~H22 (6) 
112 = Yo + tan o9(X2 - Xo) (7) 
Z2= +(H~-X~- Y~)' 2, (8) 
Xo= -H2cos  ~t sin o9 (9) 
Y0 = n2cos ~ cos o). (10) 
ct is the angle between H 1 and H 2. From the present 
~2 
Y 
Fig. 1. Schematical representation f multiple diffraction. Hi: pri- 
mary reflection; H2: the position of secondary reflection when H1 
is driven to the Bragg case; Hi: the positions of secondary 
reflection, when H I/H2/HI - H2 multiple diffraction occurs. 
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Fig. 2. (311) multiple diffraction pattern of CsloGa6Se14 for Cu Kct 
radiation, ff = 290-320'. Only the strong peaks are indexed. 
(CsloGa6Sel4: space group C2/m, a=18"233, b=12"889, 
c = 9-688 A, fl = 108"20':, Z = 2.) 
coordinates of H 2 and Hi we can. calculate the angle by 
which H E must be rotated about H~ in order to obtain the 
multiple diffraction peak. In other words, the angular 
distance between the starting ~b position and the peak 
position of multiple diffraction is determined. 
A Fortran IV program was written based on the above 
considerations for peak indexing. All the possible secondary 
reflections are listed in increasing order in ~b. It makes 
possible the choice of suitable multiple diffractions for 
experimental determination f X-ray phases (Han& Chang, 
1982). 
The experimental set-up is a conventional four-circle 
diffractometer (Syntex P1 and P2~). Several samples, such as 
Ge, diamond and Cs~oGa6Se~4 (Deiseroth & Han, 1981) 
crystals, with irregular shapes are used. These crystals of 
about 0-1 x 0.1 x 0.1 mm are mounted in fine glass tubes. Fine- 
focus X-ray tubes of Cu and Mo are employed. A graphite 
monochromator and a pinhole of 0.75 mm diameter are 
positioned 25 cm from the target. The beam divergence is
about 6'. Fig. 2 shows a portion of a multiple diffraction 
pattern obtained from a CsloGa6Se14 crystal for Cu K~t 
~adiation and the indexing result of the new method men- 
tioned above. 
The usual method for indexing multiple diffraction peaks 
needs reference from the mirror symmetry of the diffraction 
pattern. This requires a continuous ff scan covering at least 
the range between mirror symmetries. For crystals of low 
lattice symmetry, a ff scan of more than 180 ° is needed. The 
present method utilizes the rotation matrix which always 
gives correct information for the present status of the crystal 
orientation. 
The authors would like to acknowledge the critical 
reading of this manuscript by Professor H. Schulz, Dr H. J. 
Deiseroth and A. Arthur. 
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Abstract 
A simple method is described for increasing the lifetimes for 
several crystals of proteins and viruses during collection of 
high-resolution X-ray diffraction data on film. Crystals are 
mounted in a capillary filled with mother liquor, with cotton 
lint fibers nested against hem to prevent movement. Some 
results and limitations of the method are discussed. 
Crystals of biological macromolecules such as proteins and 
viruses are notorious in suffering radiation damage upon 
exposure to X-rays with a wavelength of 1.54 A. This 
phenomenon is apparently a result of free radicals which 
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diffuse within the interconnected channels of liquid gener- 
ally comprising 40 to 60% of the crystalline volume. Heating 
by the X-ray beam may also cause a loss of the necessary 
aqueous environment, resulting in the crystal drying out and 
cracking. With sufficient X-ray exposure the crystals lose 
diffraction resolution, display excessive mosaicity and disor- 
der, and eventually cease to diffract in discrete intensities. 
Several techniques to mitigate the problem have been 
proposed. Soaking the crystals in styrene solutions appar- 
ently reduces the formation of free radicals and resultant 
damage to the protein conformation (Zaloga & Sarma, 
1974). Crystals have also been coated with a 0.2% poly(vinyl 
formal) solution to prevent loss of water (Rayment, Johnson 
& Suck, 1977). Covalent cross-linking of the crystalline 
molecules with glutaraldehyde maintains the ordered lattice 
and th'us prevents early development of mosaicity in the 
Bragg reflections (Quiocho & Richards, 1964, 1966; Heuss, 
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